. Therefore the viability of this model is poor. Lee et al. improved the viability of CBDL rats by supplying a diet enriched with protein, ascorbic acid and vitamin K [20] . Beck reduced the mortality rate of this model from 20-25% to 10% within 4 weeks of operation by subcutaneous
Introduction
Common bile duct-ligated (CBDL) rats, which are widely used as a model of human liver cirrhosis with portal hypertension, rapidly develop secondary biliary cirrhosis (SBC), within 4 weeks, with progressive and administration of vitamin K [2] . Thus, loss of blood through hemorrhage would appear to be a major cause of death. To prolong the life of the CBDL model, it will be necessary to prevent hemorrhage, but that may change the hemodynamics of the model.
We examined cause of death, plasma levels of K vitamins, results of liver function tests and the histopathology of the liver in ephemeral CBDL rats. We also investigated the viability of these animals when fed a standard diet or a diet enriched with protein and vitamins.
Materials and Methods

Animals
Thirty-six male SLc:SD (Sprague-Dawley) rats (Japan SLC, Inc., Shizuoka, Japan) weighing from 195 to 240 g were used. They were fed on MF or NMF diets (Oriental Yeast Co., Tokyo, Japan), of which the nutritional contents of which are shown in Table 1 . In brief, the NMF diet is supplemented with vitamins K and D, and contains more protein and vitamins than the MF diet. Both diets were γ-ray sterilized. The animals were kept in an air-conditioned room (24 ± 2°C, 50-60% relative humidity, light for 14 h per day from 06:00 to 20:00).
Eighteen out of the 24 CBDL rats studied were fed the MF diet (CBDL-MFs) and the remaining six CBDL rats were fed the NMF diet (CBDL-NMFs). Six out of 12 sham-operated rats received the MF diet (ShamMFs) and the remaining six sham-operated rats were fed the NMF diet (Sham-NMFs) and were designated as controls. Blood samples and organ tissues were obtained for laboratory tests and histopathology, and autopsy was carried out on all animals according to the methods described below. The study was approved by the Animal Experimental Ethical Review Committee, Nippon Medical School.
Surgical Procedure
The bile duct ligature was performed according to the method described by Cameron [5] . The operation was carried out under sterile conditions, under ether anesthesia followed by intraperitoneal pentobarbital (25 mg/kg of body weight). The shaven operating field was covered with sterile wrapping paper after being cleaned with alcohol (70%). The abdomen was opened by a midline supra umbilical incision. The common bile duct was gently exposed, double ligated with silk threads and 2 mm was excised between the ligatures to avoid regeneration. The organs were returned to the abdominal cavity, which was then closed. The sham operation was performed in a similar manner, without bile duct ligature or excision.
Natural Course of CBDL Rats and Autopsy
To decide the observation period, nine CBDL-MFs were followed up until all the animals died. Eight out of nine animals died within a period of 32 days after bile duct ligation, but one survived more than 50 days. Based on this result, an observation period of 32 days after the operation was adopted.
All animals were autopsied as soon as possible after they died or after they were sacrificed by ether anesthesia on the 31st day. The CBDL-MFs (n=6), except for the three that died before the 31st day, and the CBDLNMFs (n=6) that were allocated for laboratory tests, were also sacrificed and autopsied the day before the end of the observation period, after drawing blood samples for the tests under ether anesthesia. ShamMFs (n=6) and sham-NMFs (n=6) were similarly autopsied on the 31st day, after drawing blood samples. The development of cirrhosis and the occurrence of portal hypertension were confirmed macroscopically. The chest, abdomen, retroperitoneum, cranial cavity and scrotum were also inspected macroscopically. Then the organs, including the liver, spleen and lung, were removed for light microscopic examination with standard hematoxylin-eosin staining.
Laboratory Tests
Peripheral blood from the cut tip of the tail was collected under ether anesthesia by a melangeurt pipette for blood cell counts, including erythrocytes and thrombocytes. In brief, blood was diluted 200-fold with 3.8% sodium citrate containing 0.5% bovine serum albumin and the numbers of blood cells were counted in a Burker-Turk counting chamber. Blood samples for laboratory tests were obtained from the vena cava, which was exposed after opening the abdominal cavity under ether anesthesia. The plasma and serum obtained were stored in a freezer at -80°C until determinations were performed. Liver function tests, including bilirubin, triglyceride, cholesterol, glutamic oxaloacetic transaminase (GOT), glutamic pyruvic transaminase (GPT), alkaline phosphatase (ALP) and γ-glutamyltranspeptidase (γ-GT ) were determined with a Hitachi Autoanalyzer Model 7170. Plasma levels of vitamins K1 and K2 were measured by the method of Hirauchi et al. using high-performance liquid chromatography [10] . The prothrombin time was measured by the quick one-step method.
Statistics
Fisher's exact test was used to analyze the difference of the viability between CBDL-MFs and CBDL-NMFs. Other results are expressed as means ± S.D. ANOVA and unpaired Student's t-test were used to analyze the differences among groups. Correlation between parameters was analyzed by linear regression analysis. Values of P<0.05 were considered to be significant.
Results
Viability of CBDL Rats
Eleven out of 12 CBDL-MFs including three assigned for laboratory tests died within 32 days after the operation (Fig. 1) . All six CBDL-NMFs survived the observation period. Six CBDL-NMFs allocated for laboratory tests survived until they were sacrificed on the 31st day after operation. On the 31st day after operation, the difference of the viability was not statistically significant between CBDL-MFs and CBDL-NMFs (P>0.05).
Autopsy Findings and Histopathology
Massive hemorrhage in the body cavities or organs (Fig. 2) was observed in all 12 CBDL-MFs that died after bile duct ligation. Hemorrhages were also serious in the six CBDL-MFs assigned for laboratory tests (Table 2) . However, only slight intrapulmonary hemorrhage was observed in four out of six CBDL-NMFs. The histopathology of the liver of these rats revealed features of cirrhosis due to extrahepatic cholestasis, indicated by portal fibrosis with bridging and reconstruction of hepatic lobules, periportal bile duct proliferation, feathery degeneration and polymorphonuclear cell infiltration. Fibrosis and reconstruction of hepatic lobules are shown in Fig. 3 .
Laboratory Tests
The erythrocyte count was markedly reduced in CBDL rats compared to the sham-operated rats (Table 3) . Although the NMF diet had no effect on erythrocyte count in sham-operated rats, the erythrocyte count in CBDL- MF diet after operation. The number of animals observed until death was 12, including the nine animals followed up until death or surviving more than 50 days ( ) and three animals that were allocated for laboratory tests which died before the 31st day after operation ( ).
NMFs was significantly greater than in CBDL-MFs. The prothrombin time in CBDL rats was significantly prolonged compared to that in sham-operated rats. The mean value of the prothrombin time in CBDL-MFs was more prolonged than that in CBDL-NMFs, but the difference was not statistically significant (P>0.05). Plasma levels of vitamin K1 in the majority of CBDL rats were lower than the measurable range (0.056 ng/ml). There were no significant differences in the plasma levels of vitamin K2 among the groups fed the MF or NMF diets in both sham-operated and CBDL rats. No significant differences were found in liver function tests, including total bilirubin, GOT, GPT and ALP, between rats fed the MF and NMF diets, except for γ-GTP. There was a significant inverse correlation between prothrombin time and erythrocyte count in all rats studied as shown in Fig.  4 . Regarding the distribution of groups in this figure, CBDL-MFs were clustered in the left upper part, sham operated rats were distributed in the right lower part and CBDL-NMFs were located in the intermediate part of the distribution.
Discussion
In the present study, the majority of the CBDL-MFs did not survive over a period of 32 days. The histopathology of rats that survived more than four weeks showed that the liver had advanced to biliary cirrhosis. Blood loss from massive hemorrhage in the various organs or body cavities of morbid animals appeared to be the direct cause of death. Brain damage due to intracranial hemorrhage might also be involved as a cause of death. It appeared that disturbed hemostasis, as indicated by prolongation of prothrombin time, caused hemorrhage. In contrast to CBDL-MFs, all CBDL-NMFs survived for 31 days after the operation. Autopsy revealed a low frequency of hemorrhage and its degree was slight. Abnormalities in liver function tests and histopathology of the liver in these rats were similar to those in CBDL-MFs. These results suggest that the liver injury in the animals that survived the observation period was similar, although the survival ratio was obviously different between CBDL-MFs and -NMFs.
The plasma levels of vitamin K1 in all but one of the CBDL-NMFs were lower than the measurable range. Since bile acid is essential for the absorption of vitamins K1 and K2 [12, 13] , it is assumed that disturbed bile secretion due to bile duct ligation resulted in an impairment of vitamin K absorption. Vitamin K1 is a compound that is abundant in leafy green vegetables, which are the major dietary source of the vitamin [25] . Therefore, bile duct obstruction causes vitamin K deficiency. Vitamin K-dependent γ-carboxylation of precursors of coagulation factors II, VII, IX and X is disturbed in vitamin K deficiency, and therefore normal blood coagulation cannot be maintained. Severe hemorrhage and prolongation of prothrombin time were demonstrated in rats without cholestasis fed a vitamin K-deficient diet containing β-lactam antibiotics that suppressed intestinal bacterial flora [23] . Hirayama et al. insufficient, leading to progressive vitamin K deficiency. In human cirrhosis with hemorrhagic tendency, poor production of coagulation factors due to vitamin K deficiency is one of the causes of hemorrhage [22] . Thus the massive hemorrhage with prolongation of prothrombin time observed in our CBDL-MFs could be a consequence of impaired hemostasis due to vitamin K deficiency.
Plasma vitamin K2 levels of CBDL-MFs and -NMFs were not reduced compared to the sham-operated rats. Vitamin K2 synthesized by enterobacteria in the intestine and absorbed in the colon independent of bile acids might appear in the plasma of CBDL rats [7, 11] . The majority of vitamin K homologue in the liver is vitamin K2, which has strong biological activity in the synthesis of coagulation factor [3, 15] , however, the plasma vitamin K2 level is less than the vitamin K1 level in normal rats [10] . In our study, the blood vitamin K2 level was also less than the vitamin K1 level in reported that vitamin K in diet was reduced by γ-radiosterilization [17] . Therefore, in the present study there is a possibility that vitamin K in the diet was sham-operated rats. Therefore, one possible explanation for the plasma vitamin K2 levels is that vitamin K2 is cleared faster from the blood than vitamin K1 [18] . Vitamin K3, a synthesized vitamin, is absorbed from the intestine, even if bile acids do not exist [14] , and is converted to vitamin K2 in the body [26] . This could also explain the similar levels of vitamin K2 in the plasma of CBDL rats to those in sham-operated rats. Thus it seems that the diet enriched with vitamin K3 relieved vitamin K deficiency and ameliorated internal hemorrhage in CBDL-NMFs. In general, the markers of vitamin K deficiency are prothrombin time which depends on hemorrhage, thrombotest which depends on coagulation factors (X, IX, VII) and abnormal thrombin or PIVKA (proteininduced by vitamin K absence) synthesized as a result of vitamin K deficiency [8, 9, 16, 24] . However, Kowdley measured plasma vitamin K1 levels directly in primary biliary cirrhosis and reported that vitamin K deficiency manifested by bleeding or prolongation of the prothrombin time was uncommon [19] . The CBDL rats showed a reduction in plasma vitamin K1 level and prolongation of the prothrombin time, but the plasma vitamin K2 level did not decrease. It is uncertain, however, whether or not vitamin K deficiency in CBDL rats was reflected in the plasma vitamin K2 level.
In patients with primary biliary cirrhosis, the proportion of vitamin A deficiency was found to be 33.5%. In the cases, albumin, total cholesterol and triglycerides were significantly increased, and total bilirubin and AST were significantly reduced. Deficiency of other fat-solube vitamins occurred uncommonly in patients with primary biliary cirrhosis [24] . Deficiency of vitamin A induces aberration of the mucous membrane and weakens the host defense against infections. In water- : MF-fed, sham-operated rats fed an MF diet. soluble vitamins, deficiency of vitamins B2, B6 and B12 induces anemia, and deficiency of ascorbic acid induces scurvy. The NMF diet contains more nutrient and vitamins than the MF diet, therefore, it is possible that other nutrients and vitamins were connected with the viability of the CBDL rats. To answer this question, it will be necessary to conduct further studies.
In conclusion, we suggest that a diet enriched with protein and vitamins ameliorated the massive internal hemorrhage that is frequently observed in CBDL-MFs, and this effect is mainly due to the supplementary vitamin K in the diet, which prolonged the survival period of CBDL-NMFs by maintaining hemostasis. We further suggest that the plasma level of vitamin K2 dose not reflect the depletion of vitamin Ks in CBDL rats.
